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Comparative evaluation of isometric and dynamic ex-
ercise performance in normotensive, borderline hyper-
tensive and hypertensive adolescents was made. Hemo-
dynamic changes were correlated with levelof adrenergic
sympathetic nereous system activity as measured by
plasma epinephrine and norepinephrine values.
No significant intergroup difTen!nces were found with
respect to isometric exercise with the exception of high
peak isometric exercise heart rates and plasma epineph-
ririe levels in the patients with significant hypertension.
During dynamic treadmill testing, patients with the most
marked hypertension demonstrated a statistically sig-
Several investigators (1-4) have characterized the hemo-
dynamic responses to dynamic exercise in healthy normo-
tensive children. Those studies aimed to establish normative
data that would extehd the clinical use of exercise testing
in children with heart disease. Until recently, little infor-
mation was available regarding the effect of dynamic and
isometric exercise on children with elevated blood pressure
except as an exercise prescription and to delineate the clin-
ical risk of exercise-induced hypertension in these patients
(5,6). Patterns of systolic blood pressure and heart rate
change in response to exercise were qualitatively similar in
normotensive and hypertensive children (5,6).
Many published data (7) now support the concept that
an abnormality of the neurocirculatory regulatory mecha-
nism evolves into the hypertensive state and has its onset
in the young. Evidence (8) supports the hypothesis that
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nificantly greater tachycardia response to exercise that
correlated with highest peak exercise epinephrine levels.
The most hypertensive systolic dynamic exercise re-
sponsewasevidenced in the borderline hypertensive group
in which peak exercise norepinephrine values were sig-
nificantly higher than in other groups. Maximal exercise
serum lactate levels were higher in hypertensive patient
groups than in normotensive subjects.
Altered hemodynamic response to peak dynamic ex-
ercise appears to exist in adolescents with borderline and
significant hypertension and is in part mediated by al-
tered activity of the sympathetic nervous system.
altered autonomic control of the heart, specifically adren-
ergic influence, may be a precipitating factor in the path-
ogenesis of hypertension. We found (9) that a subgroup of
children with borderline or significant hypertension had sig-
nificantly higher rest plasma levels of norepinephrine than
did age-adjusted normotensive control children. Many of
these I?atients exhibited a hypotensive response to the stress
of orthostasis with a blunted increase in plasma norepi-
nephrine levels that was not observed in normotensive chil-
dren. These findings were interpreted as suggesting that
altered adrenergic sympathetic nervous system activity was
present in a subgroup of young patients with hypertension
and could be a contributing fact8r to their hypertension.
This report describes a comparative evaluation of iso-
metric and dynamic exercise performance in the same group
of normotensive and hypertensive adolescents using a stand-
ardized protocol that measured changes in blood pressure,
heart rate and serum catecholamine levels in response to
stress. These studies are the first to correlate hemodynamic
changes with level of adrenergic sympathetic nervous sys-
tem activity. This provides a means to determine whether
hemodynamic exercise patterns in hypertensive adolescents
differ from those in normotensive control subjects and whether
differences observed can be related to altered sympathetic
nervous system activity as measured by changes in plasma
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norepinephrine and epinephrine that occur in response to
stress.
Methods
Study patients. Asymptomatic ambulatory patients with
elevated blood pressure were entered into this project when
secondary causes of hypertension had been excluded by
studies that included routine urinalysis, blood chemistry
profile, cardiac evaluation (electrocardiogram and chest x-
ray film in all patients, M-mode echocardiograms in most)
and rapid sequence intravenous pyelogram. All patients were
within the normal ranges for renin aldosterone profiles. These
studies were performed by Dr. Jean Sealey in the labora-
tories of the Hypertension Center of Dr. John Laragh at The
New York Hospital.
Hypertension was defined as significant if measurements
of systolic or diastolic blood pressure, or both, taken at
three separate examinations at least 1 week apart were above
the 95th percentile for age and sex by criteria of the National
Heart, Lung, and Blood Institute Task Force Report that
established blood pressure standards for children (10). Hy-
pertension was considered borderline when at least one of
these separate measurements of blood pressure was above
and one was below the 90th percentile, age-sex adjusted for
the same standards.
The study groups(Table 1) included 46 adolescents: 8
with significant hypertension, 17 with borderline hyperten-
sion and 21 with normal blood pressure. The patients ranged
in age from 12 to 18 years. Exercise profiles were obtained
from the subjects, all of whom were normally active ado-
lescents. Trained athletes were well represented in the nor-
motensive control group.
Demographic and physical characteristics are shown in
Table J. Mean age was similar and males predominated in
all groups. Blacks predominated in the control group. No
effects of race on catecholamine levels at rest or on exercise
tolerance were documented in our subjects. No subject was
obese. The mean values for height and weight were similar
in normotensive control subjects and patients with border-
line hypertension. Patients with,significant hypertension were
Table 1. Characteristics of the Study Groups
Mean Sex Race
Age Height Weight
Group No. (yr) M F C BO (em) (kg)
Normal 21 16.0 19 2 9 II I 173.2 67.9
control ± 1.8 ± 2.8
Borderline 17 16.5 14 3 12 50 177.1 72.2
hypertension ± 2.2 ± 3.0
Significant 8 15.5 6 2 7 10 164.3 60.8
hypertension ± 4.5* ± 6.8
*p < 0.05 versus normal control. C = Caucasian; B = Black; 0 =
Oriental, Hispanic or other.
significantly shorter; weight was also lower in this group
but not significantly.
Exercise protocol. Methodology previously described
(9) will be reviewed briefly. Isometric and dynamic exercise
response was evaluated as part of a standardized protocol
utilized to measure hemodynamic variables and sympathetic
nervous system activity by estimation of changes in plasma
norepinephrine and epinephrine in the rest state and in re-
sponse to three standardized stresses (quiet standing, iso-
metric and dynamic exercise). All patients were ambulatory
and studies were performed in the exercise laboratory of the
Division of Pediatric Cardiology. Parental consent and pa-
tient assent were obtained on forms approved by the Com-
mittee on Human Rights in Research.
Subjects were requested not to drink tea or coffee for at
least 90 minutes before testing. Electrocardiographic leads
were applied and a 19 gauge butterfly needle was inserted
into the dorsum of the left hand. Patency of the needle was
maintained by flush with dilute heparin solution.
After undergoing the stress of J5 minutes of quiet stand-
ing, patients were tested for maximal voluntary contraction
of the right forearm using a hand dynamometer. Maximal
contraction was determined in kilograms as the average of
three trials. After a suitable rest period, allowing the patient
to return to hemodynamic baseline measurements, the pa-
tient was instructed to maintain 30% maximal voluntary
handgrip contraction for 90 seconds. Heart rate and blood
pressure were measured at rest and in the terminal 30 sec-
onds of this isometric exercise ..
Dynamic exercise tolerance testing was performed ona
treadmill according to the protocol of Bruce. The patient
was encouraged to exercise until fatigue or to complete 12
minutes (through stage IV of the protocol). Heart rate was
measured at rest, at the end of each minute of.exercise and
through recovery (for 5 minutes or until the baseline hemo-
dynamic state was achieved). Blood pressure was measured
at rest, at the end of each stage of the Bruce protocol and
at 2 and 5 minutes of rest. A full 12 lead electrocardiogram
was recorded during each minute of exercise and recovery.
Blood samples were drawn for epinephrine and norep-
inephrine determination at 20 minutes of supine rest (basal)
and within the terminal seconds of isometric and dynamic
exercise. Serum lactate levels were measured after 20 min-
utes of supine rest and at peak exercise.
Heart rate was determined from an average of five RR
intervals on the electrocardiographic recordings. A Narco
electrosphygmomanometer was used for blood pressure
measurements at rest. The blood pressure data represent the
average of four supine measurements. Direct auscultation
of right brachial artery blood pressure was used for the
isometric and dynamic exercise protocols. K, and K4 were
used for systolic and diastolic pressure determinations,
respectively.
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Measurement of plasma levels of epinephrine and nor-
epinephrine was done using the highly sensitive radioen-
zymatic method of Peuler and Johnson (II).
Statistical analysis. Data analysis was performed using
an applied statistics package implemented in a 48K Apple
II Plus microcomputer. Equivalence of group variance was
demonstrated by an F test for hemodynamicdata. The group
mean differences (± standard error of the mean) were then
compared by a Student's t test for unpaired observations
with pooled variances. The probability (p) values corre-
spond to a two-tailed test of significance.
Results
Electrocardiographic findings. Electrocardiograms were
performed in all patients enrolled in the study. No electro-
cardiographic abnormalities were detected in the 21 nor-
motensive subjects. Electrocardiographic abnormalities were
not detected in 17 patients with borderline hypertension,
although left ventricular forces were at the upper limits of
normal in 4 patients by precordial lead criteria. Among the
eight patients with significant hypertension, three had
electrocardiographic voltage criteria for left ventricular hy-
pertrophy and one had left ventricular forces at the upper
limits of normal.
Echocardiographic changes. Echocardiograms were
performed at supine rest in 12 of the 17 patients with bor-
derline hypertension and all 8 with significanthypertension.
Measurements made in the standard manner were compared
with normal values for age and body surface area, deter-
mined in our laboratory and reported by others (12). Among
patients with borderline hypertension left ventricular pos-
terior wall thickness was increased in four and at the upper
limits of normal in two. Among the eight with significant
hypertension, left ventricular posterior wall thickness was
elevated in three and at the upper limits of normal in another
three. The aortic root dimension was normal in all the pa-
tients with borderline hypertension but was increased in two
of the eight with significant hypertension. The myocardial
contractility index was increased to greater than 1.2 in 4 of
12 patients with borderline and in 4 of 8 with significant
hypertension. The ejection fraction was not abnormal in any
patient with borderline hypertension but was increased to
greater than 0.75 in four with significant hypertension.
Hemodynamic variables at rest (Table 2). At rest, heart
rates were higher, but not significantly so, in the hyperten-
sive groups. Systolic and diastolic blood pressures were
significantly higher in both groups with hypertension than
in normotensive control subjects. As expected from the def-
inition of patient groups, highest blood pressure values were
in the patients with significant hypertension.
Catecholamine levelsat rest(Table2). The meanvalue
for plasma norepinephrine in patients with borderline hy-
pertension (434 ± 31 pg/ml) or significant hypertension
(381 ± 30 pg/ml) was significantly higher than that in
normotensive control subjects (281 ± 12 pg/ml). There
were no significant intergroup differences in the mean plasma
epinephrine value.
Isometric exercise responses. Some children were un-
able to complete the isometric stress test, but the response
was satisfactory in 15 of the 21 normotensive subjects, 13
of the 17 with borderline hypertension and 7 of the 8 with
significant hypertension. This stress stimulated an increase
in heart rate and blood pressure of comparable degree in all
subjects. The mean for the group systolic blood pressure in
those with borderline hypertension was significantly higher
than that of normotensive control subjects, and the mean
heart rate was significantly higher in those with significant
hypertension than in the normotensive control subjects. There
were no significant differences, however, between groups
when the magnitude of change in heart rate and blood pres-
sure above baseline levels was compared. The hemody-
namic responses of the groups were thus quantitatively sim-
ilar, as was the increase observed in mean plasma
norepinephrine level.
The onlv significant differences in catecholamine levels
were a higher peak mean value and a greater increase above
baseline level for epinephrine in patients with significant
hypertension when compared with normotensive control
subjects. This is of interest because peak heart rates on
isometric exercise were also significantly higher in those
with significant hypertension than in normotensive control
subjects, suggesting a relation between the two.
Dynamic exercisechanges. Twenty of 21 normotensive
control subjects and 17 of 17 patients with borderline hy-
pertension were able to complete 12 minutes of treadmill
exercise. Exercise was terminated in three patients with
significant hypertension at 9 minutes because of excessive
fatigue. Heart rates in these three patients were in the 188
to 200 beats/min range, suggesting that these patients were
indeed at maximal or near maximal aerobic threshold. No
patients experienced Iightheadedness, headache or chest pain.
Heart rate. As predicted, dynamic exercise provoked
marked increases in heart rate and systolic blood pressure
in all patient groups. The highest mean value for exercise
heart rate was observed in those with significant hyperten-
sion (184 ± 7 versus 167 ± 4 beats/min in normotensive
control subjects; p < 0.05) and for highest exercise systolic
blood pressure in those with borderline hypertension (212
± 7 versus 180.5 ± 5 mm Hg in normotensive control
subjects; p < 0.001). No significant intergroup differences
were observed in diastolic blood pressure response to dy-
. .
namic exercise.
The absolute heart rate response as well as the percent
change from basal heart rate before exercise for all groups
are shown in Figure I. The groups with hypertension had
increased absolute heart rate throughout exercise and at 2
and 5 minutes of recovery, but only the patients with sig-
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Table 2. Heart Rate , Blood Pressure and Catecholamines at Rest and With Stress Hemodynamic Effects
Subjects Rest Isometric Exercise Dynamic Exercise
Heart Rate (beats/min)
Systolic Blood Pressure (mm Hgl
Diastolic Blood Pressure (rnrn Hg)
Normal control
Borderline hypertension
Significant hypertension
Normal control
Borderline hypertension
Significant hypertension
Normal control
Borderline hypertension
Significant hypertension
66 :!; 2
71 :!; 3
70 :!; 5
11 6 ± 2
138 :!; 2t
152 :!; 4t
61 :!; 2
81 :!; 3
95 ± 4t
93 :!: 4
103 :!: 5
11 7 :!: 6t
143 ± 3
158 :!; 6*
152 ± 9
100 ± 2
105 ± 5
103 ± 7
u
+21 :!; 3
+ 18 ± 4
+ 19 ± 7
~
+ 28 ± 3
+ 25 ± 4
+24 ± 5
~
+26 ± 3
+2 1 ± 4
+32 ± 5
168 :!; 4
174 :!; 3
184 :!; 7*
180 ± 5
212 :!; 7t
195 ± II
68 ± 2
75 ± 4
76 ± 4
~
+87 ± 3
+ 89 ± 3
+93 ± 10
~
+ 65 ± 3
+ 80 ± 4t
+57 :!; 5
~
-6 ± 2
-9 ± 3
-8 ± 4
Plasma Norephineprine (pg/ml)
Plasma Epinephrine (pg/rnl)
Normal control
Borderline control
Significant hypertension
Normal control
Borderline hypertension
Significant hypertension
281 :!; 12
434 ± 31t
381 ::: 30t
142 :!; 20
180 ± 27
III ± 20
677 z; 88
764 ± 121
763 :!: 60
246 ± 37
273 ± 31
466 ± 106*
~
+ 130 ± 70
+ 133 ± 96
+ 190 ± 58
~
+75 ± 31
+ 45 :!; 28
+288 ± 84*
1075 ± 64
1394 ± 11 8*
1271 ± 83
283 :!: 28
365 :!: 33
517 = 136*
U
+ 528 ± 76
+763 ± 125
+ 698 ± 91
~
+ 11 2 :!: 32
+ 137 :!: 36
+ 339 ± 110*
*p < 0.05; t p < 0.0 1; t p < 0.001.
nificant hypertension had exerci se heart rates significantly
higher than those in normotensive control subjects. With
recovery , in both groups with hypert ension absolute heart
rates were significantly elevated above values in the nor-
motensive control subjects. Significant intergroup differ-
ences were obliterated when heart rate respon se was viewed
as a percent change from the baseline value , except for
recovery, when both groups with hypertension were aga in
observed to have significantly elevated values when com-
pared with normotensive control subjects.
Blood pressure . Systolic blood pressure response s were
similarly evaluated (Fig. 2). A significantly higher absolute
systolic blood pressure response was seen throughout ex-
ercise in adole scent s with borderline hypertension when
compared with normotensive control subjects. Systolic ex-
ercise blood pressure s were higher in the group with sig-
nificant hypertension, but not to a statistical degree . Re-
covery systolic blood pres sures were significantly higher in
both groups with hypertension . When systolic blood pres-
sure change with dynamic exercise was evaluated as percent
change from baseline, those with significant hypertension
exhibited statistically significant dampened systolic blood
pressure response. At 5 minute s of recovery, rank orders at
rest were restored .
Electrocardiogram. No electrocardiographic repolari-
zation abnormalities were observed in any patients. All pa-
tients displayed sinus rhythm throughout exercise .
Catecholamine responses . Dynamic treadmill exerci se
proved to be the more potent stress to the sympathetic ner-
vous system as judged by the magnitude of increase in
plasma norepinephrine and epinephrine values. Sign ificantly
higher norep inephr ine values were observed in the group
with borderline hyperten sion ( 1,394 ± I 18 versus 1,075
± 64 pg/ml in normotensive control subjects; p < 0.05 ).
Th is finding correlat ed with the greatest systolic blood pres-
sure increase evidenced by this study group. Linear regres-
sion analysis of maximal systolic blood pressure achieved
dur ing dynamic exerci se aga inst log value of norep inephrine
showed a significant positive correlation in those with bor-
derline hypertension (r = 0 .376 ; p < 0 .05) and significant
hypertension (r = 0.585; p < 0 .05) but not in normotensive
control subjects. The only othe r significant difference be-
lACC Vol. 3. No. 2
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Figure 1. Absolute heart rate response (left) and
percentchange from basal heart rate beforeexercise
(right ) duringdynamic exercise in the threegroups.
Open circles = 21patients with normal blood pres-
sure; closed circles = 8 patients with significant
hypertension; open squares = 17 patients with
borderline hypertension.
tween groups in respect to catecholamine changes was the
finding of a signifi cantly higher dynamic exercise mean
value for plasma epinephrine level in adolescents with sig-
nificant hypertension than in the normotensive group (517
± 136 versus 282 ± 28 pg/ml; p < 0.05) and the change
above baseline values was also significantly higher in those
patients with significant hypertension. Regression analysis
of maximal heart rate achieved with dynamic exercise against
log value of epinephrine level showed a highly significant
correlation for those with significant hypertension (r == 0.699;
p < 0.01).
Changes in serum lactate levels. Serum lactate levels at
rest and at peak dynamic exercise were measured to deter-
mine whether there were differences in oxygen "availabil-
ity" or exercise efficiency. Although there were no signif-
icant intergroup differences at rest (values 12.8 to 13.7
mg/dl), serum lactate levels increased at peak exercise sig-
nificantly more in the patients with significant hypertension
(40.0 ± 7.8; p < 0.05) and patients with borderline hy-
pertension (38.4 ± 3.5; p < 0.01) than in normotensive
control subjects (24.8 ± 2.1). This suggests that greater
energy expenditure and oxygen consumption occurred in
the patients with hypertension than in the normotensive pa-
tients in their response to maximal stress.
Discussion
Our hemodynamic findings agree with other reports
(5,6, II ) of exercise studies in normal and hypertensive ad-
olescents that propose that children with elevated blood
pressure be allowed to engage in dynamic exercise. Systolic
blood pressures in excess of 220 mm Hg were not found in
any of our patients with hypertension. No patients were
arrhythmic or symptomatic.
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Figure 2. Absolute systolic blood pressure re-
sponse (left) and percent change from basal blood
pressure beforeexercise (right) duringdynamicex-
ercise in the three groups. Symbols as in Figure I.
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Role of altered sympathetic nervous system activity.
We separated our hypertensive subjects on the basis of se-
verity of hypertension and compared the hemodynamic re-
sponse to peak exercise with sympathetic nervous system
activityas measuredby plasmacatecholamine values. Those
patients with significant hypertension demonstrated a sta-
tistically significant greater tachycardiac response to exer-
cise that correlated with significantly higher peak exercise
epinephrinelevels. The greatest increase in systolicpressure
in response to dynamic exercise was evidencedin the group
with borderline hypertension, in which peak exercise nor-
epinephrine values were also highest and significantly greater
than values in normotensive control subjects. These data
suggest that the altered hemodynamic response to exercise
in hypertensive adolescents may be mediated in part by
altered sympathetic nervous system activity.
Role of increased cardiac output. That patients with
borderline hypertension achieved the highestblood pressure
level with dynamic exercise may be a reflection of a " hy-
perkinetic" state related to high cardiac output. The quan-
titative systolic blood pressure response to exercise, viewed
as a percent change from baseline, was dampened in the
individuals with significant hypertension in comparisonwith
the response in those with borderline hypertension and nor-
motensive control subjects. This may suggest that those
patients are already functioning at rest with an elevation of
peripheral vascular resistance and are, therefore , limited in
their ability to further change resistance and flow with ex-
ercise. The increased cardiac output during exercise must
then be achieved by a greater tachycardia .
Relation of cardiovascular response to severity of hy-
pertension. The "prolonged" exercise recovery of hyper-
tensive subjects, evidenced by delayed return of heart rate
to the baseline state, has not previously been described.
Subtle differences in exercise efficiency between hyperten-
sive and normotensive adolescents are suggested by the
lactate data. Significantly higher exercise lactate levels in
subjects with hypertension may be related to inefficient ox-
ygen delivery or utilization at the cellular level. Patients
with borderline hypertension, all of whom had a normal
endurance time, appear to be able to compensate for what
is most likely an altered hemodynamic state and diminished
exercise efficiency.
Preliminary echocardiographic data on left ventricular
wall thickness attest to the long-standing and potentially
important cardiac burden of high blood pressure. Because
of the association of elevated cardiac output with increased
left ventricular mass, these data indirectly support the view
of a hyperkinetic or altered hemodynamic state in these
young hypertensive patients.
The subjects we classified as having significant hyper-
tension had moresevere hypertension than our subjects with
borderline hypertension or the hypertensive study groups of
other investigators (5,6). We also excluded obese hyper-
tensive subjects. These factors may have contributed to our
success in demonstrating functional differences in the car-
diovascular responseof young hypertensive patients to peak
dynamic exercise that correlated with the severity of their
hypertension.
Implications. We conclude that altered hemodynamic
responseto peakdynamicexerciseexists in adolescents with
borderline and significant hypertension. The data suggest
that this altered response is at least in part mediated by
altered activity of the sympathetic nervous system. The ex-
act mechanisms of altered response (abnormal vascular re-
sistance and changes in flow versus primary cardiac dys-
function) remain to be defined by further investigation.
Whether abnormal exercise response in adolescents with
hypertension is of predictive value for defining those prone
to sustained blood pressure elevation and hypertensive car-
diovasculardisease will require long-term, longitudinal fol-
low-up and additional investigation.
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